A prototype centrifugal system has been developed that permits parallel photometric monitoring of eluatestreams from a radial array of chromatographic columns. The modular rotor design consists of a discoidal center insert for eluent and sample apportionment, the chromatographic columns, and flow-through cuvettes-all mounted on an aluminum base plate. A common sample is introduced simultaneously to each column; a single eluent stream is used for all columns. The goal is to assay simultaneously for eight to 16 serum proteins separated by affinity chromatography from a single sample. The system is here exemplified by the use of immunosorbents (consisting of antibodies to human immunoglobulins covalently bound to alumina particles) to allow simultaneous determinations of lgG and 1gM from a single human serum sample in less than 16 mm. 
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Additional Keyphrases: lgG #{149} 1gM #{149} centrifugal analyzer #{149} serum proteins #{149} multichannel centrifugal elution chromatography #{149} immunochemistry There are several techniques by which specific human serum proteins can be measured: (a) radioimmunoassay (1) (2) (3) , (b) immunodiffusion (4) (5) (6) , (c) light scattering (7) (8) (9) (10) (11) , and (d) affinity chromatography with eluate monitoring.
In affinity chromatography, an antibody to a specific protein is bound to a stationary phase. As a serum sample passes through this stationary phase, only the specific protein is retained; the other constituents of serum are eluted from the column. With use of a photometer to monitor the column eluate by its light absorbance at 280 nm, a typical chromatographic pattern could consist of three peaks: (a) a large peak would appear, representing all of the nonsorbed species, (b) a smaller peak would follow, representing the nonspecifically sorbed species, and (c) a third peak would appear, which would represent, and could be used to quantitate, the specific protein.
This analytical technique has been coupled with an instrumental concept for multichannel centrifugal elution chromatography (12) . The concept utilizes the centrifugal analyzer principle (13) (14) (15) , in which a single, stationary photometer is used to monitor a series of cuvettes on the periphery of a spinning rotor. The result of this coupling is a prototype system that permits monitoring of multiple affinity column eluates by a single, stationary photometer ( Figure 1) .
Even though other systems have been developed in which a centrifugal field is used to move fluid through chromatographic columns (16), none has provided photometric monitoring of the column eluates. This new system has an obvious advantage in both analysis rate and economy, because many eluate streams can be monitored simultaneously with a single photometer.
Additionally,
it is amenable to a high degree of automation for machine control and data processing.
Materials and Methods
We have developed an experimental system ( Figure  2 ) and used it to evaluate the feasibility of this instrumental concept. A small peristaltic pump meters an eluent stream through a sample injection valve and into a discoidal insert located at the center of the rotor. As the rotor spins, splitting vanes in the insert apportion the sample-eluent stream among the separate chromatographic channels. The centrifugal field forces the eluent through the chromatographic columns and eluate cuvettes at the terminus of the columns. column followed by a flow-through cuvette ( Figure 4 ). The final element is a retainer clip'with a center screw, which is used to compress and secure the assembly within the rotor. Center inserts presently available permit operation in either a four-column or an eightcolumn mode.
Column design. The chromatographic columns are fabricated from Lucite rods. A threaded stainless-steel plug, bored to 0.238 cm i.d. and containing a stainlesssteel screen, is fastened to the exit end of the column and is used to retain the sorbent material. 0-rings at each end of the column prevent leakage of eluent at the connection points. Each chromatographic column is packed with a slurry of the desired immunosorbent.
The rotor is then assembled by inserting columns, cuvettes, and retainer clips. By simply tightening the center screw on each clip, the components are secured and the 0-rings seal each connection, to prevent eluent leakage when centrifugal force is applied. With the rotor spinning, a steady-state eluent flow rate through the rotor is established. This condition is satisfied when the inner annulus of eluent has a constant thickness. At time zero, a serum sample is then injected into the eluent stream either by an inline sample injection valve or by injection with a syringe into the stream-splitting vanes. Monitoring at 280 nm, the nonadsorbed serum constituents are typically eluted as a large peak on the chromatogram.
By then eluting with a buffer that promotes release of the nonspecifically sorbed protein, the smaller second peak is observed. Finally, by elution with a buffer that promotes dissociation of the specifically bound protein of interest, the third peak may be observed and quantified.
Flow of the original buffer is re-established after each run, which makes the system ready for injection of the next sample. Columns packed with different immunosorbents may be interchanged with columns already on the rotor, allowing great flexibility in selecting a "battery" of assays for a given sample. Using columns packed with different immunosorbents, many serum proteins may be determined simultaneously from a single sample.
Immunosorbent Development
In the first application of this centrifugal elution system to affinity chromatography experiments, we used antiserum to human IgG immobilized on 100-to 300-tm Sephadex G-25 as the immunochemical sorbent. Although we could separate human IgG from human serum, the flow of eluent through the gel bed was unsatisfactory, because, under the centrifugal forces used to produce the desired eluent flow rate, the bed tended to compress and bridge, forming both densely packed and void regions within the flow channel.
We then sought a more suitable (and inexpensive) support material. In this context, alumina was evaluated. The first immobilization technique attempted was adsorption of antibodies to human albumin on 70-to 100-mesh alumina. Although about 22 absorbance units of the anti-albumin were adsorbed per gram of alumina, the immobilized antibody exhibited insufficient immunological activity. We then assessed a technique (17) for covalent attachment of proteins to alumina by cyanogen bromide activation of the support. Alumina (70-100 mesh) was washed in distilled water to remove brown coloration and then washed with sodium phosphate buffer (0.1 mol/liter, pH 7.0). Washed alumina (20 g on a dry basis) and 30 ml of the sodium phosphate buffer were cooled in an ice bath. As 6.0 g of CNBr was added, the solution pH was maintained at 11.0 with NaOH. After about 10 mm, the reaction was complete. The activated alumina was then washed with the cold Fig. 5 . Affinity chromatogram for the separation of human lgG from normal human serum on a centrifugal elution chromatograph
The immunosorbent was anti-(human)-lgG. covalently attached to alumina buffer, and 18 ml (702 absorbance units) of rabbit antisera to human IgG (Behring Diagnostics, Somerville, N. J. 08876) was added. The reaction mixture was moved to a cold room and gently rotated for 3 h. The alumina was washed with the buffer to remove nonadsorbed protein and then with 4.0 mol/liter urea to remove adsorbed but noncovalently bound protein. Finally, the immunosorbent was re-equilibrated with the eluting buffer for affinity studies of the centrifugal elution chromatograph.
Results
A slurry of the immunosorbent prepared by covalent attachment of anti-(human)-IgG to alUmina was packed into four columns, each 0.318 cm (i.d.) by 10 cm long. The rotor was assembled as described above and placed into the centrifugal elution chromatograph housing. The rotor was spun at 400 rpm with a steady flow of the buffer through the four columns. Human serum, 40 gil, dilutedto 1 ml with buffer, was dynamically injected into the splitting vanes of the rotor insert. The nonadsorbed proteins eluted as a large peak at the front of the chromatogram ( Figure 5 ). The second peak, consisting of nonspecifically adsorbed proteins, was eluted with the phosphate buffer containing 1.0 mol of added NaCl per liter. Finally, the immunosorbed protein of interest, IgG, was eluted with 3.0 mol/liter NaSCN. We studied the effect of serum sample size by using 100, 50, 25, and 10 tl of serum. A 10-l sample yielded an easily detectable peak for IgG within 16 mm, reflecting both the rapidity and the high sensitivity of the analysis.
One of the important features of the instrumental concept is its potential for performing rapid determinations of many serum proteins from a single sample. In proceeding to develop this potential, we demonstrated the simultaneous determination of immunoglobulins G and M. The immunosorbents were prepared as described above for IgG. Two columns, 0.318 cm (i.d.) X 10 cm long, were packed with antibodies to human 
Discussion
This prototype centrifugal system has been used to demonstrate the feasibility of a new analytical concept for multichannel affinity chromatography with eluate monitoring. This concept could provide a very desirable alternative to other methods of serum protein determination. The ease with which columns may be added, removed, or interchanged enhances the utility of the system for performing the rapid, simultaneous determinations of many serum proteins from a single sample. The eluted protein is free from any contamination that could interfere with the detector. Also, the economic advantages of antibodies that can be recycled, high analysis rate, automated multiple analyses with a single photometer, and integrated data processing are impressive. We expect that the information gained from our experimental system will be useful in the design, development, and optimization of a system for use in routineclinical analyses.
